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Introduction
While there is a large literature on the determinants of technological innovation (Kamien and Schwartz, 1975, 1982; Scherer, 1980 Scherer, , 2986  Griliches, 1984) , most of it has been in the context of developed countries, particularly the United States. There is little systematic study of the determinants of inventive activity in the manufacturing sectors of less-developed countries.
Yet in these ·countries inventive activity, although at a low level, appears to be growing rapidly. It is quite possibly an important factor in productivity growth in less-developed countries because of the scope for complementarity between domestic invention and imitation or adaptation of technology from abroad.
In this paper, we study the determinants of inventive activity in the manufacturing sector of India, using industry-level data for the period 1960-70. Our approach differs from earlier approaches in that we embed the demand for inventive activity in a system of input demand equations.
Since licensing of foreign technology is an of ten-used alternative (possibly complementary) to in-house research and development for firms in less-developed countries, the demand for foreign technology is also included in the demand system. This permits us to look at the substitutability/complementarity relationships between o-;.,'ll-produced and purchased technology and between each of these technologies and other variable inputs.
Since we include variables measuring the presence of multinationals, level of international inventive activity, size of the public sector, and average firm size in the demand equations, we are able to analyze the reduced-form impact of these variables on the demand for own-produced and purchased technology.
To anticipate our empirical results, we find that inventive activity is related inversely to average firm size in the Indian context. International inventive activity has strong positive effects on the demand for both local innovation and foreign technology; which suggests that it increases the pool of inventions that can be both imitated within and sold to India. Foreign ownership is associated with less local innovation, while state ownership is associated with more local innovation, but only in the chemical industries.
Local Innovation and Foreign Technology Purchase in India
Although the level of inventive activity in India is low relative to developed and semi-industrialized countries (e.g., Brazil and South Korea), it has been growing quite rapidly over time. 
The Model
We use the cost function framework to study the twin demands for inventive activity and· foreign technology by firms in manufacturing industries. Using the duality theorems of Uzawa (1964) , Shepard (1970), and McFadden (1978) , it is possible to completely describe the nature of the production technology from the cost function. In what follows, we shall assume that firms minimize the costs of producing a given output subject to a production function that can be shifted or altered by inventive activity and foreign technology, among other things.
Duality theory imposes strict restrictions on the specification and estimation of factor demand equations. Synunetry restrictions across equations arising out of cost-minimizing behavior by economic agents, as well as homogeneity restrictions derived from the underlying production technology, are generally imposed in the estimation of factor demand systems. These restrictions are not very difficult to implement when r \ , et.al, 1978 , et.al, , Lau, 1978 given by:
(1)
which is linear homogeneous in prices, and in which C = total costs, Q = total output, pi = price of the i th variable input, and Zk = level of the kth fixed factor.
Using Shephard' s lemma. and differentiating {l) with respect to p., we obtain the input demand equations: where X. = quantity of the ith variable input.
l.
equation (2) that is estimated in this paper. \ It is the system in In estimating cost-minimizing industry demand equations, two important assumptions are maintained. First, implicit in the use of industry-level data is the assumption that the average firm in an industry is representative of all the firms in that industry.. The various implications of this assumption have been discussed in a number of other studies (Griliches, 1967; Zarembka, 1970; Dennis and Smith, 1978) . However, this practice is common enough in the literature that we adopt it here, albeit with the necessary qualifications. Second, it is assumed that input prices and output are exogenous variables at the industry level. This is not an unreasonable assumption in the Indian context, where goverrunent intervention in the form of capacity licensing and price setting has been very common, at least during the decade of the 1960s (Bhagwati and Desai, 1970) . It is, therefore, not unrealistic to characterize Indian firm behavior as one of minimizing costs for given levels of input prices and output.
The treatment of foreign technology and local inventive activity as · variable factors of production requires more justification. These activities are normally viewed in a fixed factor or investment framework.
Our reasons for treating them as variable inputs are twofold. First, both activities. have a real element of variability.
Second, the conventional investment framework has not proved to be very illuminating for the questions that we have in mind.
Technology purchase is quite variable since many of the contractual arrangements are quite short term in nature. Technical assistance, for \ I example, is often provided only for short periods, and arrangements can be changed quite rapidly. Invention by Indian firms also tends to be quite adaptive, and, while it has an investment component, the time period over which the service flow from the investment is positive is relatively short. This is because "follow-on" adaptive inventions erode the rents associated with any given invention. Indian inventions have a high degree of erosion relative to inventions in developed countries because almost all invention is adaptive. It takes the form of a modification of other inventions. A large flow of developed country inventions then induces a high rate of adapted inventions, many of which do not qualify for patent protection. Those qualifying for patent protection tend to have a very short economic life.
Data and Estimation
The variables used in the analysis, and their means and standard deviations, are listed in Indian manufacturing has important policy implications and is an important concern of this paper. The systems in equation (2) have been estimated jointly by the iterative seemingly-unrelated regressions (ITSUR} (Zellner, 1963) method to take account of error interdependence and symmetry restrictions across equations. ITSUR provides consistent: and efficient estimates for the demand system parameters. Note that since all the prices have been divided by the price of fuel (to impose homogeneity of degree zero in prices), the symmetry restrictions in effect apply only to the production and non-production labor demand equations • . /.:
S. Results
The regression results for the light, chemical, and engineering industries are presented in Appendix Tables Al-A3, respectively. The own and cross price elasticities of input demand, being more easily interpretable,·are calculated and shown in Table 4 . The elasticities of input demand with respect to output and the fixed factors of production are shown in Table 5 for the three industry groups. Below we sununarize the main findings from thesa tables.
The empirical results are generally consistent with the predictions of production theory. For instance, out of a total of nine own-price ·elasticities estimated (three for each industry group), only one has the wrong sign (and even this is not significant). aElasticities have been evaluated at the sample means of each industry group. The coefficients used in calculating the elasticities are reported in Appendix Tables A1-A3. bSince all prices have been normalized by the fuel price in the estimated equation, no symmetry has been imposed between the fuel price effects on labor demand and the wage effects on fuel demand. As such, the signs of these effects may not be the same.
cThe t·statistics calculated are only approximate since they only take account of the variance of the estimated coefff~ie~ts and not of the predicted values of the random variables.
'f"P i Finally, the relationship between inventive activity and firm size is of interest, since it has produced a large literature in the context of developed countries. The general evidence from these countries is that, with the possible exception of the chemical industry, the .!!!!.ensity of research effort (i.e., research effort deflated by a measure of firm size) does not increase with firm size. This implies that the elasticity of· research effort with respect. to firm size is positive but less than unity (Worley 1961 , Hamberg 1966 , Mueller 1967 , Mansfield 1968 ). In some cases, research intensity is found to initially increase, but then decrease, with firm size (again with the possible exception of the chemical industry) (Scherer 1965a , Grabowski 1968 ) • Most of the above studies have used R&D expenditure as percentage of sales or R&D employees as percentage of total employees as their dependent variables. Studies that have used patents as a measure of inventive activity have generally found the relationship between the absolute number of patents granted and firm size to be of an inverted U-shape type (Scherer 1965b, Johannisson and Lindstrom 1971) . This suggests that " •••• beyond some magnitude, size does not appear especially conducive to either innovational effort or output in either this country or in European countries where studies have been conducted.... It seems noteworthy that the chemical industry is cited as an exception both for the U.S. and abroad" (Kamien and Schwartz, 1975: 19) .
In this paper, both fixed capital stock and output provide a measure of firm size. Even the absolute level of domestic patenting is observed to decline with output in the light and chemical industries and with fixed capital stock in the engineering industries. These results imply that the intensity of patenting (i.e., patenting per unit of firm size) declines very sharply with firm size in Indian manufacturing. The decline is sharpest in the chemical industries, followed by the -engineering and the light industries (in that order). On the other hand, the demand for foreign technology does not appear to be significantly related to firm.size, except in the engineering industries where it increases with output. However, since this elasticity is less than one, the intensity of foreign technology use still declines with output.
Several other interesting findings relating to the demand for labor and fuel emerge from the empirical analysis. However, a detailed discussion of these results is beyond the scope of this paper.
Conclusion
In this paper, we have studied the determinants of local inventive activity and foreign technology use in the manufacturing sector of tndia, using a cost function framework and industry-level data for the xpen itures are in current terms. Inflation rates in India were low over the period --less than 4 per cent per year.
2 see Griliches (1987) for a survey of the literature which uses patent statistics as economic indicates.
3 our colleague, T.N. Srivivasan points out that in addition to capacity licensing, the Indian government controlled the allocation of some imported inputs. We acknowledge that if this rationing of inputs was substantial, our cost function treatment is not appropriate.
We believe, however, that it was not so severe as to call for a rationing or fixed factor approach to the inputs that we consider to be variable.
It primarily affected capital stocks which we treat as fixed in the model. · 4 rhe "price" of technology purchased abroad is also variable and .and constitutes a type of annual rental payment for a service flow. 5 We acknowledge that we cannot argue that technology purchases and own R&D do not have some investment component. We are faced with the choice of treating these activities in the variable factor framework as in a quasi-fixed factor investment framework. The latter framework is not well suited to addres~ing the joint choice of technology purchase and own R&D. 6 T~N. Srinivasan notes that the Indian government has placed some restrictions on technology inports into India. These will affect technology purchases and own R&D. Our demand function for these activities have to be interpreted subject to these restrictions.
We do not have information on the extent of these restrictions or on their changes over time. The time trends in the equations and the division of firms into 3 broad industry groups partially addresses the problem presented by restrictions on technology imports. 7 The weighted R 2 's for cash system indicates a high proportion of variance explained by the estimates.
8
we have not attempted to specify the lag structure behind this affect. We have imposed a 5 year lag on the international patent stock. Indian R&D response may also have a lag. It should also be noted that the marketing of a new product based on these patents will also provide disclosure effects.
Appendix (1) and (2), as well as zero homogeneity in prices for each equation, have been imposed. Asymptotic t-$tatistics are in parentheses.
2) A full set of three-digit industry du1m1ies as well as an intercept were included in each equation. The coefficients on these terms have not been reported in the table due to space limitations.
3) For a description of the variables, see Table 3 .
Appendix Table A3 . ITSUR estimates of input demand equations: engineering industries, India, 1960-70. 1) All five equations have been estimated jointly by the iterative seemingly-unrelated regressions method. Symmetry restrictions across equations (1) and (2), as well as zero homogeneity in prices for each equation, have been imposed. Asymptotic t·statistics are in parentheses.
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2) A full set of three-digit industry du1TV11ies as well as an intercept were included in each equation. The coefficients on these terms have not been reported in · the tab 1 e due to space 1) mi tat i ens.
